As a first approach in investigating the genetical bases of sexual dimorphism in the dioecious plant Asparagus officinalis L. at the molecular level, we have determined DNA content per cell, DNA sequence complexity and mRNA activities in both developing and mature male and female flowers of Asparagus. 2C DNA content (around 3.9 pg) was independent of sex and rather low when compared to other Liliiflorae; sequence complexity, however, showed a high proportion of repeated sequences. Polyadenylated mRNA from male and female flowers at young and mature stages of development were assayed by in vitro translation in the presence of [35S]methionine, and the synthesized proteins were analysed by two-dimensional gel electrophoresis. Results have shown that there are no appreciable differences in polypeptide patterns from male and female flowers at a young stage of development, while specific sequences of mRNA are produced only very late during the development, most likely linked to the appearance of mature pollen grains and mature megagametophytes.
Introduction
One of the most fascinating problems in developmental biology is the elucidation, at the molecular level, of the genetical and physiological bases of sex differentiation in higher plants. In this context, we are at present investigating the molecular basis of sex differentiation in Asparagus officinalis L.
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The genetical control of sex determination in this dioecious plant is based on a model in which both structural genes for stamens and carpels are present in male and female plants, and sex dimorphism is determined by the expression of two major regulatory genes: a dominant suppressor of female flowers and a dominant activator of male flowers (Westergaard 1958; Franken 1970) . Males are thus heterozygous for two genes that have been localized on the homomorphic chromosome pair L5 (Loptien 1979) . The vegetative organs of both sexes develop quite similarly, while flowers, which at early stages of development possess both stamens and carpels, differ greatly later on: male flowers bear six well-developed stamens and a rudimentary pistil; female flowers have only small and collapsed anthers surrounding an ovule-containing pistil (Lazarte and Palsen 1979) .
The main objective of our research programme is the identification, at the molecular level, of DNA fragments corresponding to factors controlling sex determination. Asparagus seems to be well suited for this purpose since both homozygous males (YY) and female plants (XX) can be easily analysed. In addition, Asparagus is susceptible to Ti infection, and the fact that adult plants can be regenerated from cell cultures enables transformation experiments (Hernalsteens etal. 1984) . Asparagus, however, is poorly understood with respect to the basic properties of its DNA (nuclear content, sequence complexity) and the differential mRNA activity in male and female flowers. The purpose of the present work was then two-fold:
(1) to characterize Asparagus DNA by determining DNA content per nucleus, as well as the organization of nucleotide sequences in terms of frequency distribution of highly-, moderately-and non-repeated DNA sequences; (2) to investigate to what extent male and female plants are distinguishable on the basis of mRNAs' activity in flowers at early and mature stages of development.
Material and methods

Cytofluorimetric determination of 2C DNA content and ploidy levels in vegetative tissues
Seeds of Asparagus officinalis L. (line 445 -all males and 799 -50% males and 50% females) were germinated in Petri dishes at 24 ~ C in the dark for 12 days. By this time, the average radicle and shoot length was 12 mm and 8 mm, respectively. Thirty randomized root tips (about 0.5 mm long), 2 mm long segments from older zones of the root and shoot and clusters of cells from cell suspension cultures of ten different lines of Asparagus, grown as previously described (Campion et al. 1983) and collected at the steady state growth phase, were fixed in 4% formaldehyde dissolved in TRIS buffer, washed and finely crushed with a glass rod. The resulting suspension was spread on slides and subsequently stained with 0.5 ng/ml DAPI (4'-6'-diamidine-2-phenylindole). This method and its reliability have been extensivley described previously (Galli et al. 1986; Levi et al. 1986; Sgorbati et al. 1986 ). For the determination of 2C DNA values, two different standards were used: (1) chicken red blood cells (mixed 7:1 v/v with citrate-phosphate buffer;
(2) nuclei from ungerminated pea seeds (Pisum sativum L. var ' Lincoln'). Both standards were smeared on the same slide with Asparagus nuclei before being stained with DAPI. Twelve slides were analysed for nuclear fluorescence values with a LeitzWetzlar Dialux 22/22B microscope equipped with an MPV compact microscope photometer. All the conditions were as previously described (Galli et al. 1986 ). For each slide, 100 Asparagus nuclei, 100 pea nuclei and 100 chicken red blood cells were scored, and the fluorescence of each of them was recorded. For graphic representation, fluorescence values were grouped into classes of 1 mV.
Ploidy levels in vegetative tissues of Asparagus seedlings and in cell suspension cultures were determined by the same method, in the presence of chicken red blood cells as internal standards.
Analysis of repeated DNA sequences
DNA was extracted from spear tips according to the procedure of Backmann and Price (1977) . Partially purified DNA was obtained by isoamyl alcohol-chloroform extraction and 2-propanol precipitation. The precipitate was dissolved in 0.12 M Na-phosphate buffer, pH 7 and applied to a column of hydroxyapatite equilibrated with 0.12 M Na-phosphate and 8 M urea. The column was extensively washed with the equilibration buffer and clean double-stranded DNA was eluted with 0.48 M Na-phosphate buffer.
Thermal denaturation profiles were obtained by melting the DNA (20 Ixg/ml in 0.03, 0.06, 0.12 and 0.24 M phosphate buffer) in a Uvidek 510 recording spectrophotometer while continuously monitoring the temperature and absorbance at 260 nm. Ratios between absorbance values, corrected for the concentration dilution caused by solvent expansion at the higher temperature, were plotted versus the temperature of the s01u-tion. The Tm was taken as the temperature which produced a 50% increase in hyperchromicity (Mandel and Marmur 1968) .
For reassociation analysis, DNA was sheared by sonication to an average fragment size of about 700 nucleotides. DNA fragments, dissolved in 0.12 M phosphate buffer, were denatured by boiling for 7 rain and then allowed to reassociate in 203 sealed vials at 59 ~ C in 0.12 M phosphate buffer for various lenghts of times. Reassociation was terminated by freez!tng samples in ethanol and dry ice, and they were then storaged at -20 ~ C until analysis. The extent of reassociation was determined by separating double and single strands on hydroxyapatite at 59 ~ C and measuring the A26o of the two fractions (Britten et al. 1974) . The O.D. of the reannealed DNA was corrected for the 20% decrease due to hypochromicity.
The data were analysed by a least square computer program (Assystant+ ; Macmillan, Software Company) designed to fit theoretical second order components of the observed reassociation kinetics (Britten et al. 1974) .
RNA extraction, mRNA purification, in vitro translation and 2D gel electrophores&
Flower bud tissues at a young (average length : 2 mm) and mature stage of development (female flowers: 3~4 mm in length; male flowers, which at maturity reach a greater length than female ones: 4-5 mm) were ground to a fine powder in liquid nitrogen and extracted in 0.1 M NaC1; 0.05 M TRIS-HC1, pH9; 0.01 M EDTA; 2% (w/v) SDS; 0.2% Proteinase K (about 1 g tissue per 10 ml buffer). The suspension was shaken at 37 ~ C for about 20 min and then purified by two extractions with equal volumes of phenol and chloroform-isoamyl alcohol (100:1) and a final one with chloroform. A 1/10 volume of 4 M NaC1 was added to the aqueous phase and poly(A+)RNA was separated by chromatography on oligo-dT-cellulose (10 mg/l g tissue). Ethanol-precipitated RNA was dissolved in sterile water at a concentration of 0.75 ~tg/ml and stored in small aliquots at -80 ~ C.
In vitro translation was performed using wheat germ extract with incubation mixtures as recommended by coramercial supplier (Amersham). 35S_methionine was used to label the polypeptides (50 IxCi/incubation). Aliquots were removed to monitor TCA-precipitable incorporation of aSS-methiouine. Labelled polypeptides were analysed by two-dimensional gel electrophoresis as described by O'Farrell (1975) with slight modifications.
Results
C ytoJTuorimetric analysis 2C DNA content in root tips of Asparagus seedlings.
The best material for determining 2C DNA content is generally the root tips from embryos of ungerminated seeds: at the stage, DNA synthesis has not yet started, and all of the nuclei are generally at the 2C level, although a minor 4C class may be present. However, the seeds of Asparagus are spherical and surrounded by very rigid integuments, and we were not able to isolate embryo axes from ungerminated seeds, even when they were soaked in water for 24 h. For this reason, root tips from 12-day-old seedlings were used. In this case, nuclei at 2C and 4C levels were present, as well as a lower percentage of nuclei in the S phase. 2C and 4C classes are always clearly distinguishable, and the mean fluorescence of the 4C nuclei was very close to twice that of the 2C nuclei (Fig. 1A) . Peak width for use in calculating mean 2C DNA content was determined as in Slater et al. (1977) using the modal peak channel and the two neighbouring classes, one on the left and one on the right. The mean fluorescence was, however, scarcely affected by a variation in one or two classes in choosing the limit of the peak. Coefficients of variation of the peaks were generally lower than 10%. Assuming 2.3 pg to be the amount of DNA per blood cell (Galbraith et al. 1983) , the absolute amount of 2C nuclei in Asparagus should be 4.05 4-0.17 pg. This value was reasonably constant in different experiments and in two different genotypes of Asparagus (line 415 and 779). As for the other standard used, 2C DNA content reported for Pisum sativum L. is 9.8 pg (Bennett and Smith 1976) , 10.5 pg 0ngle and Sinclair 1972) and 10.3 pg ). The last value was determined on cv 'Lincoln', the one that we used. Referring our samples to this second internal standard, taken as being equal to 10.3 pg, 2C DNA amount in Asparagus should be 3.76 _+ 0.26 pg. The values determined using the two different standards are in good agreement with one another and with the only report present in literature on Asparagus DNA -estimated by Feulgen spectrophto- 
Ploidy levels in vegetative tissue and cell suspension cultures. Ploidy levels in differentiated tissues taken
from the roots and shoots of 12-day-old seedlings were also determined by cytofluorimetric analysis. Most nuclei shifted in these tissues toward higher levels of ploidy ( Fig. 1 B, C) , showing that Asparagus, like most Liliiflorae, is a polysomatic species.
Cell suspension cultures derived from differentiated tissues of ten different genotypes of male or female Asparagus plants and subcultured for three years with weekly frequency were also examined. Ploidy levels were considerably variable among the different lines and generally higher than levels found in vegetative tissues (Table 1) . No relation seemed to exist between ploidy levels and ability of cultured cells to regenerate or sex of original plants.
Base composition and analysis of repeated DNA sequences
Asparagus DNA was extracted, purified and heatdenatured, and the melting curve was determined. The melting temperature (Tin, i.e. the temperature at which half the base pairs are dissociated) was estimated by hyperchromicity measurements to be 83.5 ~ C in 0.12 M Na-phosphate buffer. The average G+C content was 41% +2%, estimated on the basis of Tm values in four different Na-phosphate concentrations.
For the analysis of repeated DNA sequences, the reassociation data, determined after chromatography on hydroxyapatite, were analysed by a Fig. 2 . According to this elaboration of the data, 7% of Asparagus DNA renatures immediately and most likely represents intrastrand duplex DNA in fragments carrying inverted duplications (fold-back), 40% is formed by highly repeated sequences reanhealing between Cot 10 .2 and Cot 0, 25% by moderately repeated sequences (Cot0-Cot 102) and 25% by single copy DNA reassociating at Cot 102. Further information on the organization of the Asparagus genome is shown in Table 2 .
In vitro translation of poly (A) + RNA from male and female flowers
In an earlier set of experiments, the starting material comprised flower buds at an early stage of development from both male and female plants. Twodimensional gel electrophoresis of translation products from poly(A)+RNAs extracted at this stage of development resulted in the separation of several polypeptides having molecular weights ranging from 12 to 70 kD and PIs from 4.3 to 7.8. No appreciable differences were found in polypeptide patterns from male and female flowers (Fig. 3 A, B) , and the results were highly reproducible with different preparations of mRNAs.
During the course of flower development, however, several changes occurred. When mature flowers were used, the total number of polypeptides produced in vitro by total poly(A) + RNA was notably reduced. In addition, the patterns were sex specific (i.e. some spots present in the flowers of male plants were absent or reduced in the female and vice-versa (see arrows in Fig. 3 C, D) . Interest- a Mean length of fragments = 700 bp b The fraction of fragments which contain a duplex region c Constant of second order reaction for 700 bp fragments in total DNA at 59 ~ C, criterion 0.18 M Na + Cot 1/2 pure = 1/K x fragment fraction e Reiteration: a value of 1 is taken for non-repeated sequences. The number of copies of repetitive DNA is: Cot 1/2 pure nonrepeated DNA/Cot 1/2 pure component e Genomic complexity in bp (determined by haploid genome size of 1.79 x 10 9 bp, corresponding to an average value of 1.95 pg) is the ratio between the genome fraction of e, ach component and the mean number of copies per genome ingly enough, one major spot, present in the flowers of both sexes at early stages of development, was still present later, but only in female plants (circled spot).
It has to be noted that at this stage, flowers exhibited well-differentiated reproductive organs, and the differences in the patterns of translation products are most likely linked to the development of male or female specific flower components. This implies the existence of organ-specific messenger RNAs.
Discussion
The purposes of the present work were to investigate the DNA of Asparagus and to examine gene expression in male and female flowers.
2C DNA content in Asparagus is independent of sex -this is consistent with the presence of homomorphic sex chromosomes -and is rather low when compared to other Liliiflorae, which are characterized by 2C values in the range of 8-254 pg (Bennett and Smith 1976; Bennet etal. 1982) . Endo-reduplication events are apparently common in Asparagus since even in very young (12-day-old) seedlings, most nuclei in root and shoot vegetative tissues have reached levels of ploidy higher than 2C (Fig. 1 B, C) . This is consistent with Nagl's view that the lower the basic (2C) nuclear DNA content of a given species, the higher the probability that endopolyploid or polytenic nuclei are developed in most cells (Nagl 1976) . The tendency towards high ploidy levels is further increased in cells of In spite of its rather small genome, however, Asparagus D N A has a high percentage of highlyand middle-repeated sequences. This is similar to Allium cepa, Tulipa kauffmanniana and Hyacynthus orientalis, which to our knowledge represent the only species belonging to Liliiflorae whose nucleotide sequence organization has been investigated (Flavell 1980 ): all of them show a high proportion of repeated sequences (95%, 75% and 75%, respectively), and all have large genomes. According to Flavell et al. (1974) and Flavell (1980) , the proportion of single-copy D N A seems to be inversely proportional to genome size; for this reason, we expected a lower percentage of repeated sequences in Asparagus DNA. In our analysis, however, single-copy sequences might have been partially underestimated owing to: (1) the rather long fragmerits used (if single-copy D N A sequences are interspersed between repeated sequences, they would reanneal and be classified as repeated sequence DNA, a possibility which increases with increased length of the fragments), and (2) the presence of contaminating chloroplast DNA, which reassociates at a relatively high rate, thus mimicing the renaturation kinetics of the repeated sequences. The second aim of our investigations was to try to distinguish male and female plants on the bais of their respective m R N A activities. This possibility, in addition to being of great theoretical interest, would be extremely useful in the isolation of genes specifically associated with sex differentiation. Changes in gene activity reflected by unique m R N A sequences specific to each type of organ or to the different stages of development have often been reported (Delague et al. 1984; Goldberg 1980, 1984) .
As a first approach to this problem, we tried to identify possible differences in m R N A activities in male and female flowers at a young and mature stage of development. The results have shown that specific mRNAs are produced only very late during the development of flowers and are most likely linked with the appearance of mature pollen grains, on the one hand, and mature ovules, on the other. This agrees with morphological observations showing that organs of the opposite sex are present in both male and female flowers (even at different phases of growth), but stop their development at a juvenile stage, while in the later phases, there is a burst of growth in sex-specific organs. This pattern of development is different from the one observed in Mercurialis annua (Delaigue et al. 1984) , where the polypeptides synthesized from RNA of male and female flowers are sex-specific, but invariable whatever the developmental stage of the flowers used for RNA extractions.
